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1.0 INTRODUCTION

This document provides the Operation, Maintenance, and Monitoring (OM&M) Plan for the

Remedial Design for Source Control for the Area 9/10 portion of the Southeast Rockford

Groundwater Contamination Superfund Site (CERCLIS ID No. ILD981000417) located in the

City of Rockford, Winnebago County, Illinois.

Hamilton Sundstrand Corporation (HS) entered into an Administrative Order on Consent (AOC)

with the United States Environmental Protection Agency (USEPA) on January 13, 2003 for the

completion of a Remedial Design (RD) for source control for Area 9/10. Preparation of the

OM&M Plan was specified as part of the February 27, 2003 Statement of Work (SOW)

associated with the RD.

The selected remedy for Area 9/10 Remedial Design consists of air sparging and soil vapor

extraction to address impacted groundwater (leachate) at the Hamilton Sundstrand Plant # 1

facility within Area 9/10. The remedy is described in the June 11, 2002 Record of Decision

(ROD) for Operable Unit Three (OU-3) Source Control. In addition, soil identified as source

material at the Outside Container Storage Area (OSA) will be excavated and disposed offsite

along with limited groundwater biological enhancement in this location.

1.1 Purpose of Operation, Maintenance, and Monitoring Plan

The purpose of this document is to provide information and procedures to ensure the proper

operation and maintenance of the air sparge and soil vapor extraction system installed for the

HS Plant # 1 facility within Area 9/10. This OM&M Plan provides a description of each of the

remedial system components; electrical requirements and system control; system startup and

normal operation; the regular maintenance of activities for each component; system

troubleshooting and other processes to respond to operating parameter deviations; safety and

security; maintenance; compliance monitoring; reporting frequency; and record keeping. The

plan also presents the groundwater monitoring program frequency and reporting schedule.
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1.2 Site Description

Area 9/10 (Area) is an industrial area located within the City of Rockford, Winnebago County,

Illinois. The Area is bound by Eleventh Street on the east, Twenty-Third Avenue on the north,

Harrison Avenue on the south, and Sixth Street on the west. Hamilton Sundstrand Corporation

was the only potentially responsible party identified by the Illinois Environmental Protection

Agency (IEPA) for Area 9/10. The Hamilton Sundstrand Plant #1 facility (the Site) is located

within Area 9/10. The Area 9/10 and HS Site locations are shown on Drawing Y1. The address

of the facility is 2421 Eleventh Street. The Site is located in the southeast portion of the City of

Rockford, Illinois, in Section 36 of Township 44 north, Range 1 east, of Rockford Township in

Winnebago County. The HS Plant # 1 facility within Area 9/10 is a generally rectangular area of

approximately 13 acres. The Site is bound on the north by 23rd Avenue and former Mid-States

Industrial (2401 Eleventh Street), on the south by the former Nylint/DRB property (2525

Eleventh Street) and the Rockford Products Parking lot, to the west by 9th Street, and on the

east by 11th Street. The Site utilities and property boundary for the HS Plant #1 facility are

shown on Drawing Y2.

1.3 Site Geology

The geological profile encountered at the HS Plant #1 Facility generally consists of surface

pavement (asphalt, concrete pad, or floor slab) with a gravel fill subbase from ground surface to

one to two feet below ground surface (bgs), underlain by silty clay to a depth of four to eight feet

bgs, which is underlain by poorly to well graded sand (predominantly fine to medium sand) with

some gravelly units to below the maximum depth of the borings at the site (140 feet). The sand

and gravel has been reported to extend to a depth of 230 to 250 feet bgs in the vicinity of Area

9/10. This glacial outwash is identified as the Mackinaw Member of the Henry Formation.

Bedrock encountered in borings/wells in the area is part of the Ordovician period Ancell Group

(sandstone) of the Paleozoic era.

The vadose zone extends within the sand to a depth of approximately 30 feet bgs. Within the

vadose zone sand there is a discontinuous one to four feet thick silt layer at approximately 18 to

23 feet bgs. This layer was observed only in a limited area in the northwest portion of the Site.
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No other substantive or continuous fine grained layers or have been documented at the Site. At

depth within the aquifer some coarser grained gravelly sand and sandy gravel units were

observed.

The uppermost aquifer at the Site is the sand and gravel aquifer. The potentiometric surface

level ranges between 30 to 35 feet bgs. This level varies somewhat seasonally and appears to

mirror the general rainfall pattern of the area. Over the past several years the water level has

typically been approximately 33 feet bgs. The aquifer is greater than 100 feet in thickness at the

Site. The groundwater flow is to the west-southwest at a gradient of approximately 0.0008 ft/ft

(0.6 ft / 715 ft in March 2006) toward the Rock River. The hydraulic conductivity of the sand

aquifer is 1.22 x 10-3 cm/sec and the aquifer porosity is assumed to be 0.25 (both from the CDM

Focused Feasibility Study, 2000). Using this data, it is estimated that the average linear velocity

(also referred to as groundwater seepage velocity) is likely between 4 and 10 feet per year.

1.4 Contaminants of Concern

The HS Plant #1 facility was identified as containing soil and groundwater impacted with VOCs

above the Preliminary Remediation Goals (PRGs). PRGs were based on 35 IAC Part 620

Groundwater Quality Class I groundwater, 35 IAC Part 742 Tiered Approach to Corrective

Action Objectives (TACO), and USEPA maximum contaminant level (MCL) regulations. The

compounds detected at concentrations above the PRGs are referred to as constituents of

concern (COCs). The soil COCs for Area 9/10 were identified as 1,1-dichloroethene (1,1-DCE);

methylene chloride (MC) (possible laboratory artifact); tetrachloroethene (PCE); 1,1,1-

trichloroethane (1,1,1 TCA); 1,1,2-trichloroethane (1,1,2 TCA); and trichloroethene (TCE). The

groundwater COCs were identified as 1,1-DCE; 1,2-dichloroethane (1,2-DCA); 1,2-

dichloroethene (1,2-DCE); ethylbenzene; PCE; 1,1,1 TCA; 1,1,2 TCA; TCE; and vinyl chloride

(VC). The facility contains a network of 28 wells to monitor the COC concentrations in

groundwater across the site. The monitoring well locations and topography (monitoring well

ground surface elevations) are shown on Drawing Y3. The source control remedies for Area

9/10 are air sparge and soil vapor extraction. The extent of the soil and groundwater

remediation areas is shown on Drawing Y4.
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1.5 Document Overview

This document provides details on the remediation system and groundwater and soil remedy

within area 9/10 at the SER Site. Key components of this maintenance and monitoring include:

 Air Sparge System components consisting of sparge wells, well heads, air supply piping,

a manifold, and an air compressor are discussed in Section 2 of this document;

 Soil Vapor Extraction system components consisting of extraction wells vacuum

conveyance piping, a manifold, an air/water separator, a blower, and vapor treatment

are discussed in Section 3 of this document;

 Electrical requirements and system control including telemetry and remote operation are

discussed in Section 4 of this document;

 System startup, normal operation, and alarm troubleshooting including system

optimization, shutdown procedures, safety, and security are discussed in Section 5 of

this document;

 Maintenance for all system components are discussed in Section 6 of this document;

and

 Air and groundwater compliance monitoring and barrier inspection including AS/SVE

vapor and groundwater monitoring, groundwater management zone monitoring,

engineered barrier inspection, and OM&M termination are discussed in Section 7 of this

document.

Section 8 provides a discussion of the required reporting and record keeping activities

associated with the OM&M of the Remedial Action activities.
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2.0 AIR SPARGE SYSTEM COMPONENTS

The air sparge system will include sparge wells, wellheads, air supply piping, manifold, and air

compressor. The sections below detail each part of the system.

2.1 Sparge Wells and Wellheads

The air sparge system will consist of 15 sparge wells located in the south alley, south of the HS

Plant #1 facility. Drawing Y5 provides the sparge well layout. Each sparge well will be

constructed with 1½-inch diameter, 0.010 slot 304 stainless steel (SS) well screen, 304 SS riser,

with schedule 40 PVC riser above the water table. The well screens will be two feet long and

located at an approximate depth of 52 to 54 feet below ground surface. A filter pack of red flint

#3545 (or equivalent) will be placed around the well screen and extended 12 inches above the

screen. The annular space surrounding the riser pipe will be filled with bentonite chips hydrated

in place for three feet above the filter pack. A bentonite/cement grout (94% cement) will be

used to seal the remainder of the annular space. A schematic of the sparge well construction is

provided in Drawing Y6.

Each air sparge well will be contained in a locking traffic rated well box. The bottom of the well

box will be backfilled with pea gravel to provide adequate drainage. The pressurized air supply

line will enter the well box vertically from the bottom and turn 90 degrees toward the well. The

pressurized air supply line will connect to the sparge well by a PVC tee welded to the riser. The

air supply line will be fitted with a flanged connection and ball valve prior to connecting to the

well. The top of the well riser will be sealed and fitted with a liquid filled pressure gauge and

sampling port.

The 15 air sparge wells will be divided into three banks of five wells. Each of the three banks

will act as an independent treatment cell; Treatment Cell #1, Treatment Cell #2, and Treatment

Cell #3. The treatment cells will operate successively utilizing a timing relay and air solenoid

valves. Each treatment cell will be pulsed for a set time. The pulse time will be adjustable and

determined by the system removal rates. Initially, the timers will be set to operate the sparge
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wells in one treatment cell for four hours followed by an hour delay before cycling to the next

treatment cell. Drawing Y5 identifies the treatment cell locations.

2.2 Air Supply Piping

The below grade air supply piping to the sparge wells will be 1½-inch SDR-11 HDPE. Each

sparge well will be individually plumbed with separate air supply lines. The air conveyance

piping will be buried 42 inches below ground surface. The piping will be laid on six inches of

clean sand pipe bedding and covered with six-inches of sand. Warning tape and tracer wire will

be placed above the pipe in the trenches prior to backfilling.

2.3 Manifold

The manifold for the sparge system will be located inside the water tank building. The

pressurized air supply lines for each well (15 lines total) will enter the water tank building

through the floor on the north wall and transition from HDPE to 1½-inch Schedule 40 galvanized

steel. The air sparge system manifold is divided into three banks of five wells each. The main

header line of the manifold is constructed of 2-inch Schedule 40 galvanized steel. The manifold

includes the following:

 Union;

 Liquid filled 0-30 psi pressure gauge;

 4-20 mA pressure sensor;

 Rotometer (Dwyer Model UV-C112);

 4-20 mA differential pressure sensor;

 Brass ball valve; and

 Brass gate valve.

Drawing M2 shows the manifold detail. The equipment manuals for both the rotometer and

solenoid valve are provided in Appendix A.

2.4 Air Compressor

The air delivery component of the sparge system will be a 15-Hp rotary vane compressor

(Reitschle Model DTB (06) 180 MACRO). The air compressor will be dry running (non-
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lubricated) with low maintenance requirements. The equipment manual for the air compressor

is provided in Appendix A.

The air supply line coming off of the compressor discharge will be equipped with the following:

 Pressure relief valve;

 High/low pressure switch;

 Actuated regulator valve;

 Flow meter;

 4-20 mA differential pressure sensor;

 Temperature gauge;

 4-20 mA temperature sensor;

 Liquid filled pressure gauge;

 Ball valve; and

 Bleed valve.

The pressure relief valve is a safety mechanism. The valve opens at a preset pressure of 30 psi

to avoid over pressurizing the sparge wells. The pressure switch will shut down the system in

the event of a high or low pressure condition. The actuated regulator valve adjusts the air flow

and pressure from the air compressor. The actuated valve allows for remote control of the air

sparge flow rate. The flow meter is an averaging pitot tube that monitors the total air flow from

the compressor. The 4-20 mA differential pressure sensor is used to monitor velocity pressure

and static pressure in the discharge line by sending a signal to the control panel/PLC. The 4-20

mA signal from the differential pressure sensor is also used to calculate the total flow rate from

the compressor and to detect zero flow conditions at the compressor discharge (discussed in

Section 5.6.3). The temperature gauge monitors the temperature of the air to the sparge wells.

The 4-20 mA temperature sensor sends a signal to the control panel that allows the temperature

data to be accessed remotely. The liquid filled pressure gauge monitors the overall air pressure

in the supply lines. The ball valve can isolate flow from the manifold. The bleed valve is used to

reduce air flow and air pressure. A piping and instrumentation legend and diagram are provided

as Drawings P1 and P2, respectfully.
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3.0 SOIL VAPOR EXTRACTION SYSTEM COMPONENTS

The SVE system will include extraction wells, vacuum conveyance piping, a manifold, an

air/water separator, a blower, and vapor phase granular activated carbon (GAC). The sections

below detail each part of the SVE system.

3.1 Extraction Wells

The SVE system will include six extraction wells. The extraction wells will be constructed with a

10 feet section of 4-inch diameter, 0.010 slot PVC well screen connected to 4-inch diameter

PVC riser. The depth to groundwater in the treatment area is typically 33 feet bgs. The

screened interval of the extraction wells will be approximately three feet above the average

water table level to reduce the effect of groundwater mounding and potential masking of the

extraction well screen. The filter pack around the screen will be red flint #3545 filter sand pack

(or equivalent) and extend 12 inches above the screened interval. A 12-inch sugar sand filter

collar will be placed above the filter pack. The SVE wells will be sealed using bentonite chips

hydrated in place. The bentonite seal will extend three feet above the filter collar.

Bentonite/cement grout (94% cement) will be used to fill the remaining annular space.

A PVC Tee will be welded to the riser and connected to the extraction line. A ball valve will be

placed in line to regulate flow from the extraction well. The well head will have a liquid filled

vacuum gauge and sampling/monitoring port. Construction diagrams for the SVE wells and well

vaults are provided on Drawings Y6 and M2, respectively.

The six extraction wells will be divided into three banks of two wells. Each of the three banks

will act as an independent treatment cell; Treatment Cell #1, Treatment Cell #2, and Treatment

Cell #3. The treatment cells for the SVE wells will correspond with the air sparge well treatment

cells discussed in Section 2.1. The treatment cells consisting of both the AS and SVE

components will operate sequentially utilizing a timing relay and air solenoid valves. Each cell

will be pulsed for a set time. The pulse time will be adjustable and determined by the system

removal rates. Initially, the timers will be set to operate the SVE wells in one treatment cell for
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five hours before cycling to the next treatment cell. Drawing Y5 identifies the treatment cell

locations.

3.2 Vacuum Piping

The SVE vacuum conveyance piping will be constructed of two-inch SDR 11 HDPE piping. The

vacuum piping will be buried at a depth of 42 inches or deeper. The piping will be laid on six

inches of clean sand pipe bedding and covered with six inches of sand. Warning tape and

tracer wire will be placed above the pipe in the trenches prior to backfilling.

3.3 Manifold

The manifold for the SVE system will be located inside the water tank building. The vacuum

lines for each extraction well (six lines total) will enter the water tank building through the floor

on the north wall and transition from HDPE to two-inch Schedule 40 PVC. The SVE system

manual is divided into three banks of two vacuum lines each. The three banks are connected to

a main header line constructed of 3-inch schedule 40 PVC. The manifold includes the following:

 Union;

 Clear sight tube;

 Self averaging pitot tube with magnahelic gauge;

 4-20 mA differential pressure sensor;

 Liquid filled 0-80 inches H2O vacuum gauge;

 4-20 mA vacuum sensor;

 Brass ball valve;

 PVC gate valve; and

 Timer controlled solenoid valve.

Drawing M2 shows the as-built manifold detail. The equipment manuals for both the pitot tube

and solenoid valve are provided in Appendix A.
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3.4 Air/Water Separator

The main vacuum extraction manifold will be connected to the air/water separator tank for

removal of entrained water or condensate. The separator will be equipped with automatic level

controls and flapper valve to remove collected water from the unit once a certain level is

reached. When the high level in the tank is reached, the SVE and AS blowers will be turned off,

the flapper valve will open and the recovered water will drain to an air sparge well. The

equipment manual for the air/water separator is provided in Appendix A.

3.5 Blower

The SVE blower will be a Reitschle Bora Regenerative Side Channel Blower Model SAP 380

with a 6.4 hp motor. The blower will be capable of delivering 200 scfm at 60 inches H2O. The

equipment manual for the blower is provided in Appendix A. The vacuum line going into the

blower will be equipped with:

 A vacuum relief valve;

 A liquid filled vacuum gauge;

 A ball valve;

 An actuated make up air valve;

 A 4-20 mA differential vacuum sensor; and

 A 4-20 mA vacuum sensor.

The vacuum relief valve will be a mechanical valve that opens at 100 inches of H2O to avoid

high vacuum conditions and potentially damaging the blower. The liquid filled pressure gauge

will monitor vacuum pressure at the blower influent. The ball valve will regulate flow to the

manifold. The actuated make up air valve will supply ambient air to provide additional air to the

blower and reduce vacuum at the manifold. The actuated make up air valve can be controlled

remotely. The 4-20 mA differential vacuum sensor will be used to monitor velocity and static

pressure in the influent vacuum line of the blower. The 4-20 mA signal from the differential

vacuum sensor will also be used to calculate the total flow rate from the compressor and to

detect zero flow conditions at the blower inlet (discussed in Section 5.6.3).

The discharge (pressure) side of the blower will contain:
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 A self averaging pitot tube;

 A temperature gauge; and

 4-20 mA temperature sensor.

The flow meter will be an averaging pitot type flow meter that monitors total air flow from the

vacuum blower effluent. The temperature gauge will be used to monitor the temperature of the

vacuum blower effluent. The 4-20 mA temperature sensor will send a signal to the control panel

that allows the blower discharge temperature to be accessed remotely.

3.6 Vapor Treatment

The vacuum blower effluent will be connected to a vapor phase treatment system. The vapor

phase treatment system will consist of two granular activated carbon (GAC) units, a primary and

secondary unit, plumbed in series. The secondary carbon unit will act as a back up in the event

VOC breakthrough occurs at the primary unit. Each unit will be a Carbonair GPC 20R

containing 2,000 pounds (lbs) of GAC (or equivilant) designed for vapor phase adsorption.

Equipment manuals for the GAC vessels are provided in Appendix A. The carbon units will be

connected with flexible hose and quick disconnect fittings to facilitate carbon change out and

removal. Air discharge sampling ports will be located between the carbon units and at the

discharge. There is also an air discharge bypass prior to entering the GAC for direct discharges

to the atmosphere which may be used if concentrations of VOCs are below 8 lbs per hour.

When breakthrough in the primary unit is detected, the secondary unit will become the primary

unit and the new unit (or regenerated GAC unit) will become the new secondary unit.
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4.0 ELECTRICAL REQUIREMENTS AND SYSTEM CONTROL

4.1 Electrical Requirements

The electrical distribution system will be a 230 volt, 200 amp, three phase, 60 Hertz service

provided by the facility through a fusible disconnect. A breaker panel will provide 230 volt,

three-phase power to the major electrical components of the system. An additional breaker

panel provides 230/120 volt, single-phase power for auxiliary and control systems. The AS

compressor, SVE blower, and control panel box will have the appropriate National Electrical

Manufacturers Association (NEMA) ratings in accordance with local building codes and

ordinances. The electrical symbols legend used are shown on Drawing E1. An electrical one-

line diagram of the remediation system is provided as Drawing E2.

4.2 System Controls

The system has been designed to operate up to 24 hours per day, 365 days per year, without

supervision. The AS/SVE system equipment and sensors will be connected to a control

panel/programmable logic controller (PLC). The control panel will allow for the automatic or

manual operation of the blower and compressor with hand-off-auto switches. The manual

operation will be used during system start up, troubleshooting, and on an as-desired basis.

Solenoid valves located on the AS and SVE manifolds will be opened and closed based on

timer settings for the operation of the three treatment cells. The timers will be adjustable and

cycle times determined by the system removal rates.

The air/water separator unit will be equipped with high level, low level, and high-high-level

stainless steel conductivity probes as well as a high level float switch. A timer relay will be

activated when the extracted water level in the air/water separator reaches the high-level

conductivity probe. The timer relay will turn off the SVE blower and the AS blower for 10

minutes. With the reduction in vacuum, the flapper valve at the bottom of the vessel will open

and the water in the vessel gravity will drain to an air sparge well. At the end of the timer

sequence, the AS/SVE system will restart and normal operations will commence. If the high-
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high level conductivity probe or the high level float switch is contacted, the SVE blower and

sparge compressor will be shut down.

An air pressure switch will be installed in the air compressor discharge line. The pressure

switch will monitor the discharge pressure from the air sparge blower. The switch will be set for

a low pressure condition (5 psi) and a high pressure condition (30 psi). In the event that the

maximum air pressure is exceeded or the minimum air pressure is not met, the compressor will

be shut down. The pressure switch controls will include a timer that is used to eliminate the

effects of transient pressure conditions. The system will shut down only if the maximum or

minimum pressure condition is maintained throughout the entire programmed timed interval.

For example a high air pressure condition must be maintained for the duration of the timed

interval (usually 30 seconds) to trigger the high pressure alarm. The pressure switch will not be

active while the sparge system is switching between treatment cells.

A mechanical, spring operated, high vacuum pressure relief valve will be located at the influent

of the SVE vacuum blower. The vacuum relief valve will be adjustable. In the event the blower

vacuum exceeds the relief valve preset maximum condition requirement, the valve will open to

the atmosphere reducing the vacuum and increasing the air flow to the blower. The vacuum

relief valve is monitored by the telemetry unit and an alert message will be sent when the relief

valve is opened.

4.3 Telemetry and Remote Operation

The AS/SVE control panel will be equipped with a telemetry system which will provide

notification of any system alarm condition and/or system shut down. In the event of an alert or

alarm condition, the telemetry system will allow remote system restart. The telemetry also

allows the system to be shut down remotely. In addition to shut down and restart capabilities,

the telemetry system will supply outputs for various operational data in the treatment system

and allow for some remote operation of the system. Table 1 identifies the outputs available, the

sensor locations, and the remote capabilities.
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5.0 SYSTEM STARTUP, NORMAL OPERATION, AND ALARM
TROUBLESHOOTING

5.1 System Startup

At system startup, the sparge wells and extraction wells in Treatment Cell #1 are to be placed in

operating mode (valves at wellheads and manifold open). The wells in Treatment Cells #2 and

#3 are to remain off (valves are wellheads and manifold closed) until the operation at Treatment

Cell #1 is confirmed. The SVE system in Treatment Cell #1 will start prior to the sparge system

in order to ensure vapor buildup down not occur and to minimize the potential for any effect on

the indoor air of the plant building. The SVE system can be started independently of the AS

system by placing the SVE blower switch to the “hand” position on the control panel.

The design vacuum and flow rate for each SVE extraction well is approximately 60 inches H2O

and 100 scfm. The gate valves at the SVE wellhead and manifold will be adjusted if wide

fluctuations from the design flow rate are observed (i.e. greater than 30 percent of the average).

It is common to observe some flow variance between the individual wells due to natural

heterogeneities in the soils. The SVE system is to operate in this mode until a steady state

recovery of airflow is observed.

Once steady state recovery has been observed, startup of the sparge system will proceed. The

AS system will be started by placing the compressor switch on the control panel to the “hand”

position. The minimum design injection pressure for the sparge wells is 10.38 psi and a flow

rate 20 scfm per well. The injection pressure and flow rate should be monitored and adjusted

according to the design parameters. The total air flow rate extracted by the SVE blower should

be greater than the total air flow rate injected by the air sparge compressor. Air monitoring with

a PID of the surrounding area, including inside the plant building, will be completed during the

initial startup of the sparge system as a precautionary measure.

After the operation of Treatment Cell #1 has been confirmed, the startup procedures will be

repeated for Treatment Cells #2 and #3. After the operation of all three cells has been

confirmed separately, the system will be placed into automatic mode to confirm the timers are

cycling properly and each treatment cell is operating as designed.
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5.2 Startup VOC Extraction Rates

After the startup of the system, baseline samples of the VOC extraction rates of each SVE well

will be collected. Extraction flow rates and vacuum levels for each extraction well will be

recorded from the self averaging pitot tubes and vacuum gauges on the SVE manifold. These

values will be compared to the values sent to the control panel by the 4-20 mA sensors to

confirm that the sensors are working properly.

Baseline VOC samples will be collected in Tedlar bags from each of the extraction wells. The

VOC concentrations from each sample will be measured on site using an 11.7 eV Photo-

ionization Detector (PID) (or equivalent). The samples will be collected using a vacuum pump

connected via flexible tubing to the sample port fittings. The sampling pump effluent will be

connected to the Tedlar bag. When the Tedlar bag is full, the stopcock valve will be used to

seal the bag. A portable PID hand-held unit will be used to measure the concentration of VOCs

in each extracted air sample.

5.3 System Optimization

The data collected from monitoring the VOC extraction rates at the individual wells will be used

to optimize the performance of the system. This will be accomplished by adjusting the

extraction airflows so they are proportional to the extracted VOC concentrations. The airflow

from extraction wells that exhibit very low VOC concentrations may be reduced by partially

closing the valve to the well, so that higher volumes can be extracted from wells with greater

VOC concentrations.

5.4 Startup Monitoring

After the initial startup adjustments have been made to the system, the system will run under

the supervision of the operator. The operator will monitor system vacuum levels and injection

pressures to assure that excessive vacuum or pressures do not build up in the subsurface

treatment zone. If substantial vacuum increases are observed, the operator will increase the

flow rates to the air sparge wells or open the make up air valve. Conversely, if substantial

subsurface pressure is observed, the air sparge well flow rates will be decreased or the make
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up air valve will be closed. The data generated during the start-up procedures and planned

initial normal system operational parameters will be reviewed with the regulatory agencies

during the transition from start-up to normal system operation.

5.5 Normal System Operation

When the startup period is completed, the treatment system will be placed into a continuous

operations mode. Each treatment cell will be operated separately by the PLC controller.

Compressed air will be supplied to AS wells in Treatment Cell #1 for a period of four hours.

After four hours, the air supply to the AS wells in Treatment Cell #1 will be shut off for one hour.

The SVE wells in Treatment Cell #1 will operate for the entire five hours. After Treatment Cell

#1 operates for five hours, the cycle will begin again with Treatment Cell #2. After Treatment

Cell #2 runs for five hours, the cycle will begin with Treatment Cell #3. The normal operation

period will change over time from the initial schedule and will evolve to be periodic operation.

During normal operation, routine preventive maintenance will be performed during the monthly

monitoring visits in accordance with the established maintenance schedules documented in

Table 2 (and further described in Section 6.0). The system vapor concentrations, vacuum and

water levels, and groundwater compliance monitoring will be performed based on the schedules

provided in Tables 3 through 5, respectively (and further described in Section 7.0). The

operator is required to shutdown and restart the system to perform system maintenance. The

procedures for startup and shutdown of the treatment system for maintenance are outlined

below.

5.5.1 System Startup Procedures

 Visually inspect the system to ensure all piping and equipment is intact and in operating
condition;

 Close or check that the main electrical disconnect to the system is closed;

 Close or check that all electrical breakers to control systems are closed;

 Ensure power is supplied to control panel;

 Check that all valves are properly aligned;

 Close or check that local disconnect to the blower and compressor is closed;

 Reset the system at the control panel;
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 Turn switches to auto on the control panel; and

 Check that equipment starts and functions correctly.

5.5.2 Continuous System Operation and Optimization

In order for the treatment system to operate effectively during continuous system operations,

operational manipulations will be required on an ongoing basis. Large adjustments to

airflow from the air sparge and extraction well may be done as appropriate, based on the

results of the vapor sampling of each extraction well, as instructed by the engineer. It is the

engineer’s responsibility to determine which wells should maintain higher flow rates, which

should maintain lower flow rates, and which should be shut off completely. Adjustments to

the cycle timers that control the cycle time of each treatment cell will also be made as

appropriate, as instructed by the engineer. Once the engineer has determined the optimal

flow rates from each well and timer settings, it is the responsibility of the field personnel to

set the timers, set extraction well flow rates, monitor/maintain the appropriate vacuum level

and flow rate for each SVE well, monitor/maintain the appropriate injection pressure and

flow rate to each AS well, and report any unusual fluctuations. Any adjustments made to the

timers or airflow from the extraction wells will be recorded by the field personnel on the

monthly operation and maintenance checklist provided in Appendix B.

5.6 Troubleshooting Alarm Conditions

Following are alarm conditions which will initiate a system shutdown and likely causes:

 Low or high pressure in the air compressor
discharge line

 High temperature at the blower discharge

 Low or high vacuum in the SVE blower
influent line

 High temperature at the compressor
discharge

 Zero flow at SVE blower or AS compressor  Electrical failure

 High level in the air/water separator tank  High amperage at the blower or
compressor
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5.6.1 Troubleshooting Low or High Pressure in the Air Sparge Manifold Alarm
Condition

Low pressure in the air sparge manifold could occur if a leak developed in the air sparge

piping. High pressure in the air sparge manifold could occur if a blockage developed in the

sparge piping. If a low or high pressure occurs, the system controls will shut down the air

compressor. Low or high pressure in the sparge manifold can be manually or remotely

reset.

5.6.2 Troubleshooting Low or High Vacuum in SVE Blower Influent Line Alarm
Condition

Low vacuum on the influent line to the SVE blower could occur if a leak developed in the

influent piping or the make up air valve was open too far. High vacuum on the influent line

could occur if there was a blockage in the piping or if the make up air valve was not open

enough. If a low or high vacuum level occurs in the SVE influent line, the blower would be

shut down. The make up air valve can be adjusted manually or remotely and the low/high

vacuum alarm can be reset manually or remotely.

5.6.3 Troubleshooting Zero Flow at SVE Blower or AS Compressor Alarm Condition

Zero flow at the SVE blower or AS compressor will occur if the blower or compressor shut

down for any alarm condition, electrical failure, or mechanical failure. If zero flow is detected

in the SVE blower discharge, the air compressor will be shut down immediately. If zero flow

is detected in the air compressor discharge, the SVE blower will be shut down after a timer

delay. The zero flow alarm can be reset manually or remotely.

5.6.4 Troubleshooting High Level in Air/Water Separator Tank Alarm Condition

A high level in the separator tank could occur if the SVE blower and air compressor do not

turn off when the tank reaches the high level or if the separator flapper valve does not open

correctly to allow the discharge of the collected water. If a high level alarm occurs at the

primary separator tank, the system control panel shuts down the vacuum extraction blower

and air sparge compressor. The high level alarm requires a manual reset so that the

controls and flapper valve can be inspected prior to restarting the system.
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5.6.5 Troubleshooting High Temperature at Blower Discharge Alarm Condition

High temperature at the blower discharge occurs if the blower is not receiving enough air to

cool the motor. High temperature at the blower discharge disables the blower. The alarm

can be reset manually or remotely.

5.6.6 Troubleshooting High Temperature at the Air Compressor Alarm Condition

High temperature at the air compressor occurs if the there is not adequate air circulation

around the compressor to cool the motor. High temperature at the compressor disables the

compressor. The alarm can be reset manually or remotely.

5.6.7 Troubleshooting Electrical Failure Alarm Condition

Electrical failure can occur as a result of a power outage or power surge. In the event of a

power outage, the remedial system restarts itself when power is restored. The blower has a

2-second delay-on-operate to prevent restart during a power surge.

5.6.8 Troubleshooting High Amperage at the Blower or Compressor Alarm Condition

High amperage at the blower or compressor may occur if an object became lodged in the

lobes of the blower or in the motor of the blower or compressor. The high amperage alarm

disables the blower or compressor. The alarm can be reset manually or remotely.

5.7 Action If Cleanup Standards are Exceeded

If the emissions from the SVE system are elevated, the air dilution value on the blower may be

adjusted to allow additional ambient air into the process stream as long as adequate vacuum is

maintained to recover the AS injected air. Resampling of emissions may also be performed to

confirm anomalous analytical data.

If groundwater monitoring results are above the PRGs at levels that indicate the system

effectiveness may be of concern, a detailed evaluation of the ROI, vacuum, and groundwater

geochemical parameter may be performed to determine necessary adjustments to the system

operation.
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5.8 Safety and Security Considerations for O&M

Following are several safety and security items to be implemented:

 Prior to completing maintenance activities, the AS/SVE system shall be turned off at the

control panel. This will ensure that the potential for remote or automatic restarting of the

system will not occur.

 If odors are present within the remediation system portion of the water tank building, a

PID will be used to evaluate the atmospheric conditions and guide appropriate use of

personal protective equipment.

 The remediation system will be kept in a clean and organized manner at all times.

 Only a qualified electrician will make any changes, modifications, or electrical system

evaluations of the control panel and wiring.

 The remediation system portion of the water tank building will be locked with limited

distribution of door keys to minimize access of non-trained personnel.

The Amended Health and Safety Plan provides additional guidance for safe facility operations.

5.9 System Shutdown Procedures

The following are the system shutdown procedures to be followed:

 Turn switches to OFF on the Control Panel.

 Shut valves and open disconnects as necessary.

5.10 Final Shutdown

The system will continue to operate initially until VOC extraction rates reach asymptotic

conditions, or until operation of the system provides limited removal of the constituents of

concern (COC) remaining in the treatment zone. When this occurs, the system will be pulsed

intermittently until the system again provides limited removal of COCs from the treatment zone.

Final shut down will be initiated based on system performance, the soil vapor and groundwater

analytical results, and justification for monitored natural attenuation as the last phase of the

remediation treatment pipeline in consultation with the regulatory agencies.
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6.0 MAINTENANCE

The AS and SVE systems are designed to run continuously without supervision. A maintenance

schedule is required in order to ensure all the equipment is functioning correctly and properly

maintained. Maintenance performed on the AS/SVE system and components shall be recorded

on the Monthly Operation and Maintenance Checklist form. The completed forms shall be

placed chronologically in Appendix C of the SECOR office copy of this document. Table 2

outlines the regular maintenance inspection schedule for the treatment system. This Section

provides a detailed account of all maintenance performed and provides vital information for

troubleshooting in the event of a system failure. Before performing maintenance on the system,

the operator should review the completed maintenance forms and relevant equipment

maintenance manuals. The maintenance requirements for the system are described below.

6.1 Extraction and Sparge Wells

The extraction and sparge wells shall be inspected monthly to ensure no damage has occurred.

The following should be of note during the inspection:

 Casing integrity;

 Surface seal integrity;

 Cover airtight seal integrity;

 Wellhead component integrity (valves, gauges, etc.);

 Sediment accumulation within the wells; and

 Well box integrity.

6.2 Air/Water Separator

The air water separator shall be inspected monthly for solids or sludge build up. The flapper

valve should be inspected for proper operation. The level probes should be inspected for

scaling or buildup. If required the tank, flapper valve, and/or level probes should be cleaned.
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6.3 Piping and Fittings

The accessible piping and fittings shall be inspected during each maintenance visit for leaks and

damage. If any abnormalities are found they should be reported and a plan of action

determined for repair or replacement.

6.4 Compressor

The compressor shall be maintained in accordance with the operating manual provided by the

manufacturer which is included in Appendix A.

6.5 Blower

The blower shall be maintained in accordance with the operating manual provided by the

manufacturer which is included in Appendix A.

6.6 GAC Change Outs

The GAC is replaced in the primary vapor phase unit when the effluent sample of the primary

unit becomes detectable. The secondary unit at this time is shifted to be the new primary unit

and a new GAC will go in as the secondary unit. The spent GAC is to be shipped as a listed

waste to a disposal or regeneration facility via licensed hazardous material truck.

6.7 Emergency Maintenance

In the event that the system ceases to operate in the designed manner, efforts shall be focused

on returning the system to operation as soon as possible. The maintenance records shall be

reviewed to help identify possible causes of the system problem and how to alleviate problems

in the future. A maintenance record form shall be filled out identifying the cause of the system

failure and recommendations of what can be done to prevent recurrence.

6.8 Spare Parts

Most of the components for the remediation system have a minimum life span of five years or

greater. Replacement of system parts or components is therefore anticipated to be minimal.
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The only essential items required on Site at all times are blower inlet filters and compressor

discharge filters.



SECOR

02072.04r01 OM&M March 200724

7.0 AIR AND GROUNDWATER COMPLIANCE MONITORING AND BARRIER
INSPECTION

Periodic sampling of the recovered vapor and site groundwater is required to confirm the

effectiveness of the treatment system operation and environmental compliance. The sampling

requirements are summarized in detail below.

7.1 AS/SVE System Vapor Sampling

Baseline air samples will be collected at each of the treatment cells during initial startup. These

samples will be analyzed by USEPA Method TO-14 for VOCs. The list of VOCs to be recorded

by the USEPA TO-14 analysis is presented in Table 6. After the startup procedures for the

system have been completed, vapor samples will be collected from sample ports located before

the primary carbon vessel, after the primary carbon vessel, and after the secondary carbon

vessel. These samples will be collected on a daily basis for the first week of the GAC system

operations. The GAC system sample monitoring will be performed with a PID. After the first

week of operation, vapor samples associated with GAC will be collected on a weekly basis for a

period of up to five additional weeks. Air emission and/or GAC system monitoring will be

completed on a monthly basis thereafter. The air emission vapor samples will be analyzed for

VOCs by USEPA Modified Method TO-14A.

Vapor samples will be collected from the six SVE wells after start up and on a quarterly basis (at

a minimum) in order to optimize system operations and evaluate the progress of the system.

Each vapor sample will be analyzed for VOCs with a PID or by USEPA Method TO-14. The

sampling frequency for the vapor monitoring points during the initial system startup and normal

operation is summarized in Table 3. Additional soil vapor sampling or monitoring may be

completed from individual wells.

7.2 AS/SVE System Groundwater Monitoring

Groundwater monitoring for the AS/SVE system includes the collection of vacuum

measurements, water level measurements, and groundwater sampling of wells in the vicinity of

the treatment zone. Water levels and vacuum measurements will be collected from monitoring

wells in or near the treatment zone that are screened across the water table daily for the first
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week, weekly for the next five weeks of operation, and on a monthly or as needed basis

thereafter around the active treatment cells. The system performance monitoring wells include

SMW-20, SMW-21, GMZ-2, GMW-3, and GMZ-4. Additional wells that will be monitored initially

include: SMW-4, SMW-5, SMW-6, SMW-7, SMW-8, SMW-15, SMW-22, and MW-201. Vacuum

measurements will be taken by connecting magnahelic gauges to the hose barb on the

wellhead with tubing and opening the valve. Table 4 summarizes the vacuum and water level

monitoring and frequency during start up and normal operation. Baseline groundwater sampling

will be performed at monitoring wells in the vacuum or the AS/SVE system and periodically after

startup. The list of wells and sampling frequency is provided in Table 5.

7.3 Groundwater Management Zone Monitoring

The GMZ monitoring network which consists of eleven wells (GMZ-1 through GMZ-4, SMW-1,

SMW-2, MW-7FGA, SMW-19, SWM-20, SWM-21, and MW203) will be monitored on a periodic

basis for VOCs and natural attenuation parameters. The GMZ monitoring well network and

screen depths are shown on Drawing D8. Groundwater samples will be collected on a quarterly

basis for the first year of the remedial action. Water level gauging will also be completed

quarterly for this period. Thereafter, based on the performance monitoring results, the

monitoring frequency may be reduced to semiannually or annually. The list of VOC parameters

to be reported by USEPA Method 8260B is provided in Table 7. The natural attenuation

monitoring parameters and analytical methods to be used to evaluate the performance of the

HRC-X® placement and the overall attenuation activity within the aquifer at the site are provided

in Table 8.

7.4 Engineered Barrier Inspection

Periodic inspection and verification of the condition of surface barriers will be performed for

those designated as institutional controls. An inspection will be completed every five years

(minimum). A site inspection form will be completed which identifies the satisfactory condition of

the barrier or specifies required maintenance to be performed. The inspection will include

identification of breaches in the barrier, cracks, notations on the structural integrity of the

surface, necessary erosion control, and other factors as necessary. The inspection will be
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completed by a Licensed Professional Engineer in the State of Illinois or other responsible

professional (as appropriate).

The locations of engineered barrier(s) implemented as institutional controls will be added to this

plan as Drawing D9. The location, horizontal limits (in state plane coordinates), surface

material, and a cross section of the as built construction will be included on the drawing.

7.5 O&M Termination

When the AS and SVE system data, supported by groundwater analytical data, indicate that

termination of operation and maintenance of the system is technically justified, a report

summarizing this data will be prepared and submitted to USEPA for approval. This report will

identify what additional actions are proposed to achieve the necessary results for preparation of

a final close out request.



SECOR

02072.04r01 OM&M March 200727

8.0 REPORTING AND RECORDKEEPING

8.1 Reporting

A System Performance Report will be submitted to USEPA on a quarterly basis for the first year

after normal operation begins. The report will be submitted by the end of the following quarter

following the operating period. Thereafter, system performance reports will be prepared and

submitted to USEPA annually or another agreed upon schedule. The System Performance

Report will assess the following performance measures to determine if the system is operating

successfully:

 Water levels in the treatment area - Is there sufficient influence in the treatment area to

affect contaminant recovery from soils and groundwater?

 VOCs removed in the vapor phase - Is the system able to maintain the expected air flow

from the soil formation? Are the vapors removed by the system high in contaminant

concentrations? Are the concentrations of the contaminant remaining constant or

decreasing over time?

 VOCs stripped from the groundwater - Is the sparge system affecting contaminant

concentrations in the groundwater? Are the contaminant concentrations remaining

constant or decreasing over time?

 Vacuum Propagation - Is the system able to maintain the expected vacuum based on

pilot test information? Is the radius of influence for the extraction wells similar to or

greater than the design basis? Is short circuiting a problem?

 Stabilization of the Treatment Area - Is the system limiting VOC migration? Are the

contaminant concentrations in surrounding monitoring wells changing?

 Operational runtime and key maintenance activity.

 Engineered barrier inspection and summary (as appropriate).

The System Performance Report will include the following figures and tables to demonstrate the

above performance measures are being achieved:

 Static water level potentiometric surface maps throughout the treatment zone, to indicate

the influence achieved by the system;
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 Vacuum isobar maps to indicate vacuum levels radii of influence achieved by the

system;

 Summary tables of analytical results detailing the quantities of each contaminant of

concern (and total VOCs) removed in the vapor over time;

 Summary tables of groundwater sample analytical data;

 Site maps showing the analytical results of each groundwater sampling event at all

relevant monitoring wells; and

 Monitoring sheets and inspection forms.

If USEPA requires additional periodic system progress reports prior to the submittal to the

System Performance report, USEPA and HS will determine the frequency of their submittal.

8.2 Recordkeeping

The OM&M system periodic monitoring sheets, system inspection forms, maintenance logs,

engineered barrier inspection forms, and performance reports will be retained for a period of ten

years or as required by other legal requirements.
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Table 1
Telemetry Outputs and Remote Capabilities

Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site

Rockford, Illinois

SECOR

Output Sensor Location Remote Operation Capabilities

SVE Blower Vacuum (in H2O) 4-20 mA Vacuum
Sensor

Blower Influent
Vacuum Line

Make up air valve can be adjusted to increase or
decrease vacuum level

Compressor Discharge Pressure (psi) 4-20 mA Pressure
Sensor

Compressor
Discharge Line

Discharge line regulator valve can be adjusted to
increase or decrease injection pressure

SVE Blower Temperature (°F)
4-20 mA Temperature

Sensor
Blower Discharge

Stack SVE high temperature alarm can be reset

Air Compressor Discharge Temperature (°F) 4-20 mA Temperature
Sensor

Compressor
Discharge Line

Compressor high temperature alarm can be reset

SVE Blower Flow Rate (cfm)
4-20 mA Differential

Pressure Sensor
Blower Influent
Vacuum Line

Make up air valve can be adjusted to increase or
decrease flow from wells. Zero flow rate alarm

can be reset remotely.

AS Compressor Discharge Flow Rate (cfm)
4-20 mA Differential

Pressure Sensor
Compressor

Discharge Line

Discharge line regulator valve can be adjusted to
increase or decrease flow rate to wells. Zero flow

rate alarm can be reset remotely.

SVE Well Flow Rate (cfm)
4-20 mA Differential
Pressure Sensors

SVE Manifold
Make up air valve can be adjusted to increase or

decrease flow from wells

Air Sparge Well Flow Rate (cfm)
4-20 mA Differential
Pressure Sensors

AS Manifold
Discharge line regulator valve can be adjusted to

increase or decrease flow rate to wells

SVE Blower Motor Run Time (hrs) Timer Control Panel Monitored remotely

Air Compressor Motor Run Time (hrs) Timer Control Panel Monitored remotely

Alert/Alarm Conditions NA Control Panel All alarm conditions can be reset remotely, if the
alarm condition no longer exists
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Table 2
Maintenance Schedule Summary

Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site

Rockford, Illinois

SECOR

Equipment Description Frequency

Air Sparge Wells

Inspect:
Surface seal integrity
Cover airtight seal integrity
Wellhead components integrity (valves,

gauges, etc.)
Sediment accumulation within the wells

(gauge wells - depth to bottom)
Wellbox integrity
Casing integrity

Monthly

Extraction Wells

Inspect:
Casing integrity
Surface seal integrity
Cover airtight seal integrity
Sediment accumulation within the wells
Wellbox integrity

Monthly

Air/Water Separator

Inspect:
Proper operation of flapper valve
Level probes for scaling
Separator for solids or sludge buildup

Monthly

Blower
Inspect:
Operating temperature
Amps under load

Monthly

Blower Filters
Inspect- change if dirty or when pressure
increases by 20%

Monthly

Air Compressor
Inspect:
Operating temperature
Amps under load

Monthly

Air Compressor Filters
Inspect - change if dirty or when pressure
increases by 20%

Monthly

Instrumentation
Inspect gauges and flow meters - clean or
replace as necessary Monthly

Piping, Fittings, and Valves Inspect Monthly
Vapor Phase GAC Inspect and replace as necessary Monthly
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Table 3
Vapor Monitoring for AS and SVE Teatment System

Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site

Rockford, Illinois

SECOR

Sample
Location

Initial Baseline
Sample

Initial Startup
Week 1

Initial Startup
Weeks 2 - 6

Normal
Operation **

SVE-1 Yes Sample Once Sample Weekly Sample Quarterly

SVE-2 Yes Sample Once Sample Weekly Sample Quarterly

SVE-3 Yes Sample Once Sample Weekly Sample Quarterly

SVE-4 Yes Sample Once Sample Weekly Sample Quarterly

SVE-5 Yes Sample Once Sample Weekly Sample Quarterly

SVE-6 Yes Sample Once Sample Weekly Sample Quarterly

Influent to GAC No Sample Daily Sample Weekly* Sample Monthly*

Intermediate GAC No Sample Daily Sample Weekly* Sample Monthly*

Effluent GAC No Sample Daily Sample Weekly* Sample Monthly*

* Subject to change based on time period for first breakthrough of primary carbon and system performance monitoring data.

** Normal Operation may change from the initial 5 hour operation per treatment cell to another schedule and may evolve to be periodic
operation (or only a portion of the treatment cells and wells) based on the system performance.

Note: The initial SVE baseline samples and monthly air emission samples will be analyzed via USEPA method T0-14. Periodic SVE
and GAC system monitoring will be performed with an 11.7eV (or equivalent) PID.
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Table 4
Vacuum and Water Level Monitoring for AS and SVE Treatment System

Area 9/10 - Southeast Rockford Groundwater Contamination Site

Rockford, Illinois

SECOR

Well ID
Screen
Interval
(ft bgs)

Location Relative to
Treatment Area

Initial Startup - Week 1 Initial Startup - Weeks 2 - 6 Normal Operation**

SMW-20 30-45 In central portion of treatment zone Daily Vacuum and Water Levels Weekly Vacuum and Water Levels Monthly Vacuum and Water Levels

SMW-21 30-45 In central portion of treatment zone Daily Vacuum and Water Levels Weekly Vacuum and Water Levels Monthly Vacuum and Water Levels

GMZ-2 30-45 Adjacent to treatment zone Daily Vacuum and Water Levels Weekly Vacuum and Water Levels Monthly Vacuum and Water Levels
GMZ-3 30-45 Adjacent to treatment zone Daily Vacuum and Water Levels Weekly Vacuum and Water Levels Monthly Vacuum and Water Levels
GMZ-4 30-45 Adjacent to treatment zone Daily Vacuum and Water Levels Weekly Vacuum and Water Levels Monthly Vacuum and Water Levels

SMW-4 30-45 210' NW of treatment zone Daily Vacuum and Water Levels Weekly Vacuum and Water Levels On An As Needed Basis
SMW-5 30-45 50' W of treatment zone Daily Vacuum and Water Levels Weekly Vacuum and Water Levels On An As Needed Basis

SMW-6 30-45
30' S of treatment zone, in vacuum
ROI of extraction wells

Daily Vacuum and Water Levels Weekly Vacuum and Water Levels On An As Needed Basis

SMW-7 30-45
45' S of treatment zone, in vacuum
ROI of extraction wells

Daily Vacuum and Water Levels Weekly Vacuum and Water Levels On An As Needed Basis

SMW-8 30-45 250' NW of treatment zone Daily Vacuum and Water Levels Weekly Vacuum and Water Levels On An As Needed Basis
SMW-15 30-45 250' N of treatment zone Daily Vacuum and Water Levels Weekly Vacuum and Water Levels On An As Needed Basis

SMW-22 30-45
30' E of treatment zone, in vacuum
ROI of extraction wells

Daily Vacuum and Water Levels Weekly Vacuum and Water Levels On An As Needed Basis

MW201 30-45
20' S treatment zone, in vacuum
ROI of extraction wells

Daily Vacuum and Water Levels Weekly Vacuum and Water Levels On An As Needed Basis

** Normal Operation may change from the initial 5 hour operation per treatment cell to another schedule and may evolve to be
periodic operation (or only a portion of the treatment cells and wells) based on the system performance.

Additional Wells That May Be Monitored

GMZ Monitoring Wells
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Table 5
Baseline and Periodic Groundwater Monitoring for AS and SVE Treatment System

Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site

Rockford, Illinois

SECOR

Well ID
Screen Interval

(ft bgs)
Location Relative to Treatment

Area
Initial Startup - Week 1 Initial Startup - Weeks 2 - 6 Normal Operation**

SMW-20 30-45 In central portion of treatment zone Baseline Sampling Prior to Start Up Quarterly Sampling Quarterly Sampling for Year 1
SMW-21 30-45 In central portion of treatment zone Baseline Sampling Prior to Start Up Quarterly Sampling Quarterly Sampling for Year 1
GMZ-2 30-45 Adjacent to treatment zone Baseline Sampling Prior to Start Up Quarterly Sampling Quarterly Sampling for Year 1
GMZ-3 30-45 Adjacent to treatment zone Baseline Sampling Prior to Start Up Quarterly Sampling Quarterly Sampling for Year 1
GMZ-4 30-45 Adjacent to treatment zone Baseline Sampling Prior to Start Up Quarterly Sampling Quarterly Sampling for Year 1

SMW-4 30-45 210' NW of treatment zone Baseline Sampling Prior to Start Up Quarterly Sampling On An As Needed Basis
SMW-5 30-45 50' W of treatment zone Baseline Sampling Prior to Start Up Quarterly Sampling On An As Needed Basis

SMW-6 30-45
30' S of treatment zone, in vacuum
ROI of extraction wells Baseline Sampling Prior to Start Up Quarterly Sampling On An As Needed Basis

SMW-7 30-45 45' S of treatment zone, in vacuum
ROI of extraction wells

Baseline Sampling Prior to Start Up Quarterly Sampling On An As Needed Basis

SMW-8 30-45 250' NW of treatment zone Baseline Sampling Prior to Start Up Quarterly Sampling On An As Needed Basis
SMW-15 30-45 250' N of treatment zone Baseline Sampling Prior to Start Up Quarterly Sampling On An As Needed Basis

SMW-22 30-45 30' E of treatment zone, in vacuum
ROI of extraction wells

Baseline Sampling Prior to Start Up Quarterly Sampling On An As Needed Basis

MW 201 30-45
20' S treatment zone, in vacuum ROI
of extraction wells

Baseline Sampling Prior to Start Up Quarterly Sampling On An As Needed Basis

** Normal Operation may change from the initial 5 hour operation per treatment cell to another schedule and may evolve to be periodic operation (or only
a portion of the treatment cells and wells) based on the system performance.

Additional Wells That May Be Monitored

GMZ Monitoring Wells
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Table 6
Vapor Monitoring for VOC Parameters Using Modified Method TO-14A

Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site

Rockford, Illinois

SECOR

Parameters

Acetone
Benzene
2-Butanone
Carbon tetrachloride
Chloroform
Ethyl chloride (chloroethane)
Ethylbenzene
Ethylene dichloride (1,2-dichloroethane)
Ethylidene dichloride (1,1-dichloroethane)
1,2-Dichloroethene (total)
Methylene chloride
Tetrachloroethene
Methylchloroform (1,1,1-trichloroethane)
1,1,2-Trichloroethane
Toluene
Trichloroethene
Vinyl chloride (chloroethene)
Vinylidene chloride (1,1-dichloroethylene)
Xylenes

Note: Parameter list based on VOC
constituents detected in groundwater at Area
9/10.
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Table 7
Groundwater Management Zone Groundwater Monitoring VOC Parameters
Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site

Rockford, Illinois

SECOR

Parameter

1,1,1-Trichloroethane

1,1,2,2-Tetrachloroethane

1,1,2-Trichloroethane

1,1-Dichloroethane

1,1-Dichloroethene

1,2-Dichloroethane

1,2-Dichloroethene (total)

1,2-Dichloropropane

2-Butanone (MEK)

2-Hexanone

4-Methyl-2-pentanone (MIBK)

Acetone

Benzene

Bromodichloromethane

Bromoform

Bromomethane

Carbon disulfide

Carbon tetrachloride

Chlorobenzene

Chloroethane

Chloroform

Chloromethane

cis-1,3-Dichloropropene

Ethylbenzene

Methylene chloride

Styrene

Tetrachloroethene

Toluene

trans-1,3-Dichloropropene

Trichloroethene

Vinyl chloride

Xylenes (total)
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Table 8
Groundwater Management Zone Natural Attenuation Parameters and Analytical Methods

Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site

Rockford, Illinois

SECOR

Parameter Method of Evaluation (USEPA or Other)

Concentration in Source
Zone or

Change from Background Explanation of Likely Reductive Dechlorination Activity
Arsenic (As") 6020 Increase over background Mobilized under anaerobic conditions if As present. May exceed ES standards.
Chloride 9056 > 2x background From dechlorination. Environmental factors may interfere (e.g., road salt). Initial contaminant

concentrations may be too low to detect a significant increase in cr.
Dissolved Oxygen (D.O.) Field Measurement < 0.5 mg/I Oxygen suppresses reductive dechlorination. CisDCE, 1,1-DCE, 1,1-DCA, VC, methylene chloride,

and chloromethane may degrade aerobically.
Ethane AM20GAX Present Daughter product of reductive dechlorination of 1,1,1-TCA. Also produced from ethene.
Ethene AM20GAX Present Daughter product of reductive dechlorination of VC.
Ferrous Iron (Fe+) 3500 Increase over background Reductive dechlorination may take place under iron reducing conditions. VC may be oxidized under

these conditions.
Hydrogen (H2) AM20GAX > 1 nM Reductive dechlorination possible. VC may accumulate.
Hydrogen (H2) AM20GAX < 1 nM VC oxidized. Reductive dechlorination may not occur.

Manganese (Mn+2) 7199(M) Increase over background If present on soil surfaces, Mn serves as an electron donor. Reductive dechlorination may not take
place under Mn reducing conditions.

Methane AM20GAX Increase over background Indicates the most reduced groundwater conditions. VC accumulates at methane >0.5 mg/I.
Nickel 6020 Increase over background Mobilized under anaerobic conditions if Ni present. May exceed ES standards.
Nitrate (NO3) 9056 < 1 mg/I Presence of NO-' suppresses reductive dechlorination. Methylene chloride, VC, other low chlorinated

compounds may degrade in the presence of NO-3.
Oxidation Reduction Potential
(ORP) with Ag/AgCI electrode Field Measurement

<-100 mV <50 mV Reductive dechlorination likely. Reductive dechlorination possible.

pH Field Measurement 5 < pH > 9 Optimal range for microbial activity.
Specific Conductance Field Measurement Increase over background General water quality parameter; helps determine that sample is collected from the same

groundwater system.
Sulfate (SO42) 9056 Decrease compared to

background
Reductive dechlorination may occur under SO4

-2 reducing conditions. However, high levels of SO42

can inhibit reductive dechlorination.
Sulfide (S) 9034 Increase over background Reductive dechlorination may occur. V may not be detected because of precipitation with Fe+2.
Temperature Field Measurement Affects microbial energetics. At cooler temps, dechlorination can proceed at lower H2 levels.
Total Inorganic Carbon (TIC) 5310(M) Increase over background Measures CO2 species produced by microbial metabolism. (See Appendix D)
Total Organic Carbon (TOC) 5310 > 20 mg/I Source of organic carbon necessary as driver for reductive dechlorination to proceed. Anthropogenic

sources of carbon include BETX

Note: Comprehensive analysis of all parameters will be completed quarterly in year 1. Thereafter selective analysis will be identified based on the year 1 dataset.

Based on the Wisconsin DNR Publication RR-699, "Understanding Chlorinated Hydrocarbon Behavior in Groundwater: Investigation, Assessment and Limitations of Monitored Natural Attenuation". Adapted from Wiedemeir, 1998.
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APPENDIX A

Equipment Manuals

Rotometer
Solenoid Valve
Air Compressor

Pitot Tube
Air/Water Separator

SVE Blower
Granular Activated Carbon Vessels
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12
[307.98]

15
[381.00]

17
[431.80]

1-7/16-18 UNEF
THREADS

1" MPT
THREADS

1-1/2
[38.10]

2-15/16
[74.51]

IN-LINE
THREADS

1" FPT

2-1/2
[63.50]

The Series UV In-Line Polysulfone Flowmeter measures
the flow of water, air, and other compatible media at tempera-
tures up to 212°F (100°C) and pressures up to 150 psi (10.34
bar). This  flowmeter’s highly corrosion-resistant materials suit
it ideally for use with de-ionized water and ultra-pure applica-
tions, including food processing, medical equipment and
reverse osmosis water systems. 

INSTALLATION
1.  Select an indoor (only) location that is free from excess
vibration, within the specified temperature limits, and away
from direct sunlight. (Polysulfone is adversely affected by ultra-
violet light.)

2. Remove hollow plastic shipping tube from inside flow body.

3.  Handle carefully. Hand-tighten aluminum ring.   
O-Rings will seal if hand tightened only. Do not overtighten the
adapters and fittings.    

4.  Install the flowmeter in an exact vertical plane, one that is in
proper alignment with the existing plumbing. Use wall or other
structural supports at the top and bottom of the unit. Do not
allow the instrument to support the weight of pipes or tubing. 

5.  Use Teflon® tape thread sealant. Do not use pipe dope com-
pounds, which can craze and crack the polysulfone housing.
Hand tighten system pipe fitting to adaptor fitting. If additional
torque is needed to seal pipe joint, use strap wrench on adap-
tor fitting. Maximum torque is 22 Foot - Pounds.

6.  If using solvent-based glues like PVC cement, in the piping
system, do so with the meter’s body removed until glue has
cured, then purge the system before re-installing. Do not sol-
der brass fittings with the body installed, because the heat
generated to solder the brass fittings will damage the flowme-
ter. 

CAUTION: Ball valves and solenoid valves can have a “water
cannon” effect on opening, creating pressure that exceeds the
warrantied ratings and will damage the flowmeter.

SPECIFICATIONS
Service: Compatible liquids.
Wetted Materials: Polysulfone body, Viton® O-Rings and Virgin
PTFE float.
Temperature Limits: 35 to 212°F (2 to 100°C); 35 to 130°F (2
to 54°C) for PVC Fitting Option.
Pressure Limit: 150 psi (10.34 bar).
Accuracy: ±2% Full Scale @ 70°F +/-2 F (21.1°C) and 14.7 psia
(In line connection rating only).
Repeatability: +/-1% full scale @ 70+/-2°F (21.1°C)  and 14.7
psia  (In line connection rating only).
Process Connections: 1˝ female NPT. Optional 90° Polysulfone
Elbow – 1˝ male NPT.
Scale Length: 6˝ (152.40) – 7˝ (177.80), depending on model.
Fitting Torque: Maximum 22 ft - lb.
Weight: 1 lb (457 g) (for 20 GPM range).

Series UV In-Line and Panel Mount Polysulfone Flowmeter

Specifications - Installation and Operating Instructions

Bulletin F-60

DWYER INSTRUMENTS, INC. Phone: 219/879-8000 www.dwyer-inst.com
P.O. BOX 373 • MICHIGAN CITY, IN 46361, U.S.A. Fax: 219/872-9057 e-mail: info@dwyer-inst.com

Optional
Polycarbonate 
Shield

Teflon, Viton-Reg.TM E.I. du Pont de Nemours & Co.

Drawing at
right shown

with optional
Polysulfone

Fittings.

Picture at
left shown
with optional
Polysulfone
Fittings.
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OPERATION AND MAINTENANCE
Once installed, the Series UV In-Line Polysulfone
Flowmeter is self-operating and requires no maintenance
other than an occasional cleaning with mild soap and a
bottle brush.  For this purpose, the unit has been designed
so that its body can be removed quickly and easily while
leaving all fittings intact.

When removing float for cleaning, note the floats “up” posi-
tion. The float is a precision part and must be reassembled
without adverse treatment, i.e. dropping, denting, and sur-
face abrasion.

The standard technique for reading a Variable Area Flowmeter is
to locate the highest point of greatest diameter on the float, and
then align that with the theoretical center of the scale graduation.
In the event that the float is  not aligned with a grad, an extrapo-
lation of the float location must be made by the operator as to its
location between the two closest grads. The following are some
sample floats shown with reference to the proper location to read
the float.

Variable Area Flowmeters used for gases are typically labeled with
the prefix “S” or “N”, which represents “Standard” for English units
or “Normal” for metric units. Use of this prefix designates that the
flowmeter is calibrated to operate at a specific set of conditions,
and deviation from those standard conditions will require correc-

tion for the calibration to be valid. In practice, the reading taken
from the flowmeter scale must be corrected back to standard
conditions to be used with the scale units. The correct location to
measure the actual pressure and temperature is at the exit of the
flowmeter, except under vacuum applications where they should
be measured at the flowmeter inlet. The equation to correct for
nonstandard operating conditions is as follows:

Q2 = Q1 x     P1 x T2

P2 x T1

Where: Q1 = Actual or Observed Flowmeter Reading
Q2 = Standard Flow Corrected for Pressure and 

Temperature
P1 = Actual Pressure (14.7 psia + Gage Pressure)
P2 = Standard Pressure (14.7 psia, which is 0 psig)
T1 = Actual Temperature (460 R + Temp °F)
T2 = Standard Temperature (530 R, which is 70°F)

Example: A flowmeter with a scale of 10-100 SCFH Air. The float
is sitting at the 60 grad on the flowmeter scale. Actual Pressure is
measured at the exit of the meter as 5 psig. Actual Temperature
is measured at the exit of the meter as 85°F.

Q2 = 60.0 x     (14.7 + 5) x 530
14.7 x (460 + 85)

Q2 = 68.5 SCFH Air

©Copyright 2004 Dwyer Instruments, Inc. Printed in U.S.A. 3/04 FR# 443147-00 Rev. 5

DWYER INSTRUMENTS, INC. Phone: 219/879-8000 www.dwyer-inst.com
P.O. BOX 373 • MICHIGAN CITY, IN 46361, U.S.A. Fax: 219/872-9057 e-mail: info@dwyer-inst.com

Model Number

UV-0112
UV-1112
UV-2112
UV-3112
UV-4112
UV-5112
UV-A112
UV-B112
UV-C112
UV-D112

Body

Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone

Fitting Material

Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone
Polysulfone

Float

Virgin PTFE 
Virgin PTFE 
Virgin PTFE 
Virgin PTFE
Virgin PTFE
Virgin PTFE
Virgin PTFE
Virgin PTFE
Virgin PTFE 
Virgin PTFE  

Models and Ranges

2-20 GPM
3-30 GPM
4-40 GPM

14-100 SCFM

1-10 GPM .5-5 GPM
2.5-28 SCFM

.25-2.5 GPM
1-13 SCFM

Range 

0.25-2.5 GPM (1-9.5 LPM)
0.5-5.0 GPM (2-19 LPM)
1.0-10.0 GPM (4-38 LPM)
2.0-20.00 GPM (8-76 LPM)
3.0-30.00 GPM (12-112 LPM)
4.0-40.00 GPM (20-150 LPM)
1-13 SCFM (30-370 LPM)
2.5-28 SCFM (70-780 LPM)
5-50 SCFM (70-1400 LPM)
14-100 SCFM (400-2800 LPM)

Medium

Water
Water
Water
Water
Water
Water

Air
Air
Air
Air

5-50 SCFM
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ASCO is the worldwide leader in the design and manufacture of quality solenoid valves. ASCO products are designed to control the flow of air, gas, water, oil, steam. Please let us
address your applications.

(877)-274-2763
toll free - 24 Hours a Day

asco
home products about

us
contact

us links safety

2 WAY
Manual Reset Solenoid Valves

Brass or Stainless Steel Bodies - ¾" to 2½"
N.P.T.

8015/8025
Series

Constructions
The following movements
are available:

Electrically Tripped:
Manually move the lever to
the latched position withe
the solenoid de-energized.
Trips when the solenoid is
energized. Once tripped,
the lever may be cycled
causing the valve discs to
open & close.

No Voltage Release:
Manually move the lever to
the latched position with
the solenoid energized.
Trips when solenoid is de-
energized. Once tripped
the lever may be cycled
causing the valve discs to
open & close.

Specifications
Solenoid Enclosures:
Valves listed in this series
use the Red-Hat metal
solenoid enclosure.

Standard Enclosures:
Red-Hat -- Type 1 General

Optional Enclosures:
Red-Hat -- Type 7 (C and
D) Explosionproof which
also meets Types 3 and 9.
To order, add prefix "EF"
to catalog number.

Electrical: Standard
Voltages: 24, 120, 240,
480 volts, AC, 60 Hz (or
110, 220 volts, AC, 50 Hz)

6, 12, 24, 120, 240 volts,
DC

Other voltages are
available when required.

Note: 125 and 250 volts,
DC, are battery voltages
applied in power plants.
Special valves are
available to pilot control
valves in power plants.

Coil: Continuous duty
molded Class F or H, as
listed.

Nominal Ambient
Temperature Ranges: -

Valve Parts in Contact
with Fluids:
Body -- Brass or Stainless
Steel, as listed
Stem -- 303 s.s.
Springs -- 302 s.s.
Disc, Diaphragm, Seat &
Seat Material -- as listed

Approvals: CSA certified.
Meets shock and vibration
ISA S71.03C2.

Ordering Information:
Important: We must have
catalog number, voltage
and Hertz, operating
pressure and fluid
handled. Use strainers
with Solenoid Valves.

Page 1 of 2ASCO - 8015/8025 -
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.

Purpose Junction Box 20°F to 104°F.

Pipe
Size
(ins.)

Orifice
Size
(ins.)

CV
Flow

Factor

Operating
Pressure

Differential (psi)

Max.
Fluid

Temp.
°F

Standard Solenoid Enclosures
Red-Hat - Type 1 Junction Box

Watt Rating/
Class of Coil

Insulation

Latched Open Latched Closed

No Voltage
Release

(closes when
coil is

de-energized)

Electrically
Tripped

(closes when
coil is

energized)

No Voltage
Release

(closes when
coil is

de-energized)

Electrically
Tripped

(closes when
coil is

energized)

Min.
Max.
AC

Max.
DC AC DC

Catalog
Number

Catalog
Number

Catalog
Number

Catalog
Number AC DC

Brass Body with Buna "N" Diaphragm for Air, Inert Gas, Water and Light Oil

¾ ¾ 6.5 5 250 250 180 180 8025B201 8015B201 8025B214 8015B214 20/F 36.2/F

1 1 13 5 125 125 180 180 8025B202 8015B202 8025B215 8015B215 20/F 36.2/F

1 ¼ 1 ¼ 15 5 125 125 180 180 8025B203 8015B203 8025B216 8015B216 20/F 36.2/F

1 ½ 1 ½ 22.5 5 125 125 180 180 8025B204 8015B204 8025B217 8015B217 20/F 36.2/F

2 1 ¾ 43 5 125 125 180 180 8025B205 8015B205 8025B218 8015B218 20/F 36.2/F

2 ½ 1 ¾ 45 5 125 125 180 180 8025B206 8015B206 8025B219 8015B219 20/F 36.2/F

Brass Body with PTFE Disc (Ethylene Propylene, FPM and PTFE seals) for Steam Service

¾ ¾ 7.8 5 125 125 353 353 8025B207 8015B207 8025B220 8015B220 20/F 36.2/F

1 1 13.5 5 125 125 353 353 8025B208 8015B208 8025B221 8015B221 20/F 36.2/F

1 ¼ 1 ¹/8 15 5 125 125 353 353 8025B209 8015B209 8025B222 8015B222 20/F 36.2/F

1 ½ 1 ¼ 22.5 5 125 125 353 353 8025B210 8015B210 8025B223 8015B223 20/F 36.2/F

Stainless Steel Body with PTFE Disc (FPM seals) for Corrosive Service

½ ³/8 3.2 5 250 250 350 350 8025B211 8015B211 8025B224 8015B224 20/F 36.2/F

¾ ¾ 7.8 5 250 250 350 350 8025B212 8015B212 8025B225 8015B225 20/F 36.2/F

1 1 11.2 5 125 125 350 350 8025B213 8015B213 8025B226 8015B226 20/F 36.2/F

Credit Cards Accepted by PSI

Page 2 of 2ASCO - 8015/8025 -
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Series DS-300 Flow Sensors are averaging pitot tubes
that provide accurate, convenient flow rate sensing. When
purchased with a Dwyer Capsuhelic® for liquid flow or
Magnehelic® for air flow, differential pressure gage of
appropriate range, the result is a flow-indicating system
delivered off the shelf at an economical price. Series DS-300
Flow Sensors are designed to be inserted in the pipeline
through a compression fitting and are furnished with
instrument shut-off valves on both pressure connections.
Valves are fitted with 1/8˝ female NPT connections.
Accessories include adapters with 1/4˝ SAE 45° flared ends
compatible with hoses supplied with the Model A-471
Portable Capsuhelic® kit. Standard valves are rated at 200°F
(93.3°C). Where valves are not required, they can be
omitted at reduced cost. Series DS-300 Flow Sensors are
available for pipe sizes from 1˝ to 10˝. 

INSPECTION 
Inspect sensor upon receipt of shipment to be certain it is
as ordered and not damaged. If damaged, contact carrier. 

INSTALLATION 
General - The sensing ports of the flow sensor must be
correctly positioned for measurement accuracy. The
instrument connections on the sensor indicate correct
positioning. The side connection is for total or high pressure
and should be pointed upstream. The top connection is for
static or low pressure.

Location - The sensor should be installed in the flowing line
with as much straight run of pipe upstream as possible.  A
rule of thumb is to allow 10 - 15 pipe diameters upstream
and 5 downstream. The table below lists recommended up
and down piping.

PRESSURE AND TEMPERATURE
Maximum: 200 psig (13.78 bar) at 200°F (93.3°C).

Series DS-300 Flow Sensors

Installation and Operating Instructions Flow Calculations

Bulletin F-50

DWYER INSTRUMENTS, INC. Phone: 219/879-8000 www.dwyer-inst.com
P.O. BOX 373 • MICHIGAN CITY, INDIANA 46361, U.S.A. Fax: 219/872-9057 e-mail: info@dwyer-inst.com

1-3/4 (44.45)

1-11/16 (42.86)

1-5/8 (41.27) TYP

1-15/16 (49.21)

LP

HP

1/4 MALE NPT

5/16 (7.94)

* Values shown are recommended spacing, in terms of internal diameter for normal industrial       
metering requirements. For laboratory or high accuracy work, add 25% to values.

** Includes gate, globe, plug and other throttling valves that are only partially opened. If valve is to 
be fully open, use values for pipe size change. CONTROL VALVES SHOULD BE LOCATED 
AFTER THE FLOW SENSOR.

Upstream Condition
Downstream

Upstream 
Minimum Diameter of Straight Pipe

In-Plane Out of Plane

Upstream and Downstream Dimensions in 
Terms of Internal Diameter of Pipe*

One Elbow or Tee

Two 90° Bends in
Same Plane

Two 90° Bends in
Different Plane

Reducers or Expanders

All Valves** 

7

8

18

8

24

9

12

24

8

24

5

5

5

5

5
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LP

HP

1-7/16 (36.53)

SENSOR
FLOW

PIPE

1/16 (1.59)
CLEARANCE

HPLP

LP DRAIN HP DRAIN

0

.20
.40 .60

.80
1.0

INCHES OF WATER

CAPSUHELIC®

MAX. OPERATING PRESS. 500 PSIG

ZERO SET

DWYER INSTRUMENTS,  INC.  MICHIGAN CITY,  INDIANA 46360 U.S.A.

UPPER PIPE
QUADRANT

LOWER PIPE
QUADRANT

For Air or Gas Flow

Install in upper
quadrant of pipe

Condensate drains
back to pipe

For Liquid or Steam Flow

Install in lower
quadrant of pipe Air bleeds

back to pipe

LP BLEED HP BLEED
PIPE

1/16 (1.59)
CLEARANCE

FLOW
SENSOR

1-7/16 (36.53)

LP

HP

HPLP

INCHES OF WATER

CAPSUHELIC®

ZERO SET

MAX. OPERATING PRESS. 500 PSIG

.60
.80

1.0

.40
.20

0

DWYER INSTRUMENTS, INC MICHIGAN CITY, INDIANA 46360 U.S.A.

Water Flow Air or Gas Flow

INSTALLATION
1. When using an A-160 thred-o-let, weld it to the pipe wall.
If replacing a DS-200 unit, an A-161 bushing (1/4˝ x 3/8˝) will
be needed. 

2. Drill through center of the thred-o-let into the pipe with a
drill that is slightly larger than the flow sensor diameter. 

3. Install the packing gland using proper pipe sealant. If the
packing gland is disassembled, note that the tapered end of
the ferrule goes into the fitting body.

4. Insert sensor until it bottoms against opposite wall of the
pipe, then withdraw 1/16˝ to allow for thermal expansion.

5. Tighten packing gland nut finger tight. Then tighten 
nut with a wrench an additional 1-1/4 turns. Be sure to hold
the sensor body with a second wrench to prevent the
sensor from turning.

INSTRUMENT CONNECTION
Connect the slide pressure tap to the high pressure port of
the Magnehelic® (air only) or Capsuhelic® gage or
transmitting instrument and the top connection to the low
pressure port.

See the connection schematics below.

Bleed air from instrument piping on liquid flows. Drain any
condensate from the instrument piping on air and gas flows. 

Open valves to instrument to place flow meter into service.
For permanent installations, a 3-valve manifold is
recommended to allow the gage to be zero checked
without interrupting the flow. The Dwyer A-471 Portable
Test Kit includes such a device. 

POSITION
Be certain there is sufficient clearance between the
mounting position and other pipes, walls, structures, etc, so
that the sensor can be inserted through the mounting unit
once the mounting unit has been installed onto the pipe.

Flow sensors should be positioned to keep air out of the
instrument connecting lines on liquid flows and condensate
out of the lines on gas flows. The easiest way to assure this
is to install the sensor into the pipe so that air will bleed into,
or condensate will drain back to, the pipe.
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1-3/4 (44.45)

1-11/16 (42.86)
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1-15/16 (49.21)
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HP

1/4 MALE NPT

5/16 (7.94)

Using the appropriate differential pressure equation from Page 4 of this bulletin,calculate the differential pressure generated by
the sensor under normal operating conditions of the system. Check the chart below to determine if this value is within the
recommended operating range for the sensor. Note that the data in this chart is limited to standard conditions of air at 60°F
(15.6°C) and 14.7 psia static line pressure or water at 70°F (21.1°C). To determine recommended operating ranges of other 
gases, liquids an/or operating conditions, consult factory.

Note: the column on the right side of the chart which defines velocity ranges to avoid. Continuous operation within these
ranges can result in damage to the flow sensor caused by excess vibration. 

Flow Calculations and Charts 
The following information contains tables and equations for
determining the differential pressure developed by the DS-
300 Flow Sensor for various flow rates of water, steam, air
or other gases in different pipe sizes.

This information can be used to prepare conversion charts
to translate the differential pressure readings being sensed
into the equivalent flow rate. When direct readout of flow is
required, use this information to calculate the full flow
differential pressure in order to specify the exact range of
Dwyer Magnehelic® or Capsuhelic® gage required. Special
ranges and calculations are available for these gages at
minimal extra cost. See bulletins A-30 and F-41 for
additional information on Magnehelic® and Capsuhelic®

gages and DS-300 flow sensors.

For additional useful information on making flow
calculations, the following service is recommended: Crane
Valve Co. Technical Paper No. 410 “Flow of Fluids Through
Valves, Fittings and Pipe.” It is available from Crane Valve
Company, www.cranevalve.com. 

Pipe Size
(Schedule 40)

1

1-1/4

1-1/2

2

2-1/2

3

4

6

8

10

Flow
Coefficient

“K”

0.52

0.58

0.58

0.64

0.62

0.67

0.67

0.71

0.67

0.70

Operating Ranges
Air @ 60°F & 14.7 psia

(D/P in. W.C.)

1.10 to 186

1.15 to 157

0.38 to 115

0.75 to 75

1.72 to 53

0.39 to 35

0.28 to 34

0.64 to 11

0.10 to 10

0.17 to 22

Operating Ranges
Water @ 70°F
(D/P in. W.C.)

4.00 to 675

4.18 to 568

1.36 to 417

2.72 to 271

6.22 to 193

1.43 to 127

1.02 to 123

2.31 to 40

0.37 to 37

0.60 to 79

Velocity Ranges
Not Recommended
(Feet per Second)

146 to 220

113 to 170

96 to 144

71 to 108

56 to 85

42 to 64

28 to 43

15 to 23

9.5 to 15
6.4 to 10
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FLOW EQUATIONS

1. Any Liquid

Q (GPM) = 5.668 x K x D2 x    ∆P/Sf

2. Steam or Any Gas

Q (lb/Hr) = 359.1 x K x D2 x  p x ∆P

3. Any Gas
Q (SCFM) = 128.8 x K x D2 x           P x ∆P

(T + 460) X SS

DIFFERENTIAL PRESSURE EQUATIONS

1. Any Liquid

∆P (in. WC) =               Q2 x Sf
K2 x D4 x 32.14

2. Steam or Any Gas

∆P (in. WC) =                  Q2

K2 x D4 x p x 128,900

3. Any Gas

∆P (in. WC) =    Q2 x SS x (T + 460)

K2 x D4 x P x 16,590

Technical Notations

The following notations apply:

∆P = Differential pressure expressed in inches of water column
Q = Flow expressed in GPM, SCFM, or PPH as shown in equation
K = Flow coefficient— See values tabulated on Pg. 3.
D = Inside diameter of line size expressed in inches. 

For square or rectangular ducts, use: D =         4 x Height x Width

π
P  = Static Line pressure (psia)
T  = Temperature in degrees Fahrenheit (plus 460 = °Rankine)
p  = Density of medium in pounds per square foot
Sf = Sp Gr at flowing conditions
SS = Sp Gr at 60°F (15.6°C)

SCFM = ACFM X     ( 14.7 + PSIG ) ( 520* )14.7 460 + °F

ACFM = SCFM X    (    14.7 ) ( 460 + °F )14.7+ PSIG 520 

POUNDS PER STD. = POUNDS PER ACT.   X    ( 14.7    ) ( 460 + °F )CUBIC FOOT CUBIC FOOT 14.7 + PSIG 520*  

POUNDS PER ACT. = POUNDS PER STD.   X   ( 14.7 + PSIG ) ( 520* )CUBIC FOOT CUBIC FOOT 14.7 460 + °F  

1 Cubic foot of air = 0.076 pounds per cubic foot at 60° F (15.6°C) and 14.7 psia.
* (520°= 460 + 60°) Std. Temp. Rankine

SCFM TO ACFM EQUATION
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Monthly Operation and Maintenance Checklist



Monthly Operation and Maintenance Checklist

SVE Well Vacuum and Flow Readings Adjustments Made
SVE-1: in H2O acfm
SVE-2: in H2O acfm
SVE-3: in H2O acfm

SVE-4: in H2O acfm
SVE-5: in H2O acfm

SVE-6: in H2O acfm
Equipment Used/Notes:

AS Well Pressure and Flow Readings Adjustments Made
AS-1: psi acfm
AS-2: psi acfm
AS-3: psi acfm
AS-4: psi acfm
AS-5: psi acfm
AS-6: psi acfm
AS-7: psi acfm
AS-8: psi acfm
AS-9: psi acfm
AS-10: psi acfm
AS-11: psi acfm
AS-12: psi acfm
AS-13: psi acfm
AS-14: psi acfm

Equipment Used/Notes:

Blower
Total Flow Rate: acfm
Blower Inlet Vacuum: in. H2O

Blower Temperature: oF
hrs

Blower Inlet Filter Changed? YES or NO Instrumentation: ____________
Dilution Air Used? YES or NO Dilution Air Setting: ______________
Estimated Dilution Air Percentage: ____________ Dilution Air: Increase or Decrease
Any Recorded System Shutdown Alarms? YES or NO
Alarm System Resolution:

Personnel:__________________

Amps: _____________________
Inlet Filter: _________________

Blower Hours:

Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site

Date:_______________________
Rockford, Illinois
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Monthly Operation and Maintenance Checklist

Compressor
Total Flow Rate: acfm
Discharge Pressure: psi

Compressor Temp: oF
hrs

Compressor Discharge Filter Changed? YES or NO
Any Recorded System Shutdown Alarms? YES or NO
Alarm System Resolution:

Equipment Used/Notes:

Vapor Treatment System
Carbon Influent Vapor Sample ppm
Between Carbon Vapor Sample ppm
Carbon Effluent Vapor Sample ppm
Pressure After Secondary GAC Vessel: psi
Primary GAC Vessal Replacement Required? YES or NO
Any Recorded System Shutdown Alarms? YES or NO
Alarm System Resolution:

Equipment Used/Notes:

System Piping and Fittings
Any leaks in Piping or Fittings? YES or NO
Equipment Used/Notes:

Extraction Well Vapor Sampling
SVE-1 ppm
SVE-2 ppm
SVE-3 ppm
SVE-4 ppm
SVE-5 ppm
SVE-6 ppm
Notes:

Date:_______________________

Compressor Hours:

Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site
Rockford, Illinois

Personnel:__________________

Amps: _______
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Air/Water Separator
Flapper Valve Operational? YES or NO Level Probes Scaling? YES or NO
Solids or Sludge in Separator? YES or NO
Any Recorded System Shutdown Alarms? YES or NO
Alarm System Resolution:

Notes:

Any Parts or Supplies to Order?

AS and SVE Well Inspection

Well ID

Well Casing
Integrity
(OK or
Repairs
Needed)

Integrity of
Surface

Seal? (OK or
Repairs
Needed)

Well Air
Tight/Sealed?
(YES or NO)

Wellhead
Components?
(OK or Repairs

Needed)

Material
Accumulation
in well (To be

Completed
Quarterly)

Integrity
Wellbox?

(OK, Repairs
Needed, or

NA)

Pressure
Vacuum
Readings

SVE-1
SVE-2
SVE-3
SVE-4
SVE-5
SVE-6
AS-1
AS-2
AS-3
AS-4
AS-5
AS-6
AS-7
AS-8
AS-9
AS-10
AS-11
AS-12
AS-13
AS-14
AS-15
Additional Notes:

____________________________________ ________________________________________________
Signed Date Reviewed By Date

Personnel:______________________
Date:______________________

Monthly Operation and Maintenance Checklist
Area 9/10 - Southeast Rockford Groundwater Contamination Superfund Site

Rockford, Illinois
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APPENDIX C

Completed Monthly Operation and Maintenance Checklist
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